(i9)m#^a<i^«4iaiii 

(43) SRS^il^BHS 
2004 ^1 ^22 B (22.01.2004) 




PCX 



liilllllliiiillliiilllllili 

(10) ses^Bis^ 
WO 2004/007383 Al 



(51) mf^¥f¥^^m'' 
(21) 

(22) sis^aiieiB: 

(25) gfetiiilCOmii: 

(26) @IS^Pa>^IS: 



C03B 37A2, C03C 13/04 
PCT/JP2003/008788 
2003 ^7 ^ 10 B (10.07.2003) 



(30) «5felt-T— ^: 

«||g2002-201795 2002 ^7 M 10 B (10.07.2002) JP 

(71) m!^x(^m^^<±r<Dm^mizr^i^x):mi^m 

f[lXlittiC«tt (SUMITOMO ELECTRIC INDUS- 
TiaES,LTD.) [JP/JP]; =r 541-0041 i^BSJS ifcKrfi 
B;:itx^iaT a5»33^ Osaka (JP). 



(72) ^m^iis^is 

(75) ^^#/^liSiX(3|tl!lwOl^ra5^^J: ^LUafe(NA- 
GAYAMA^tsuya) [JP/JP]; =f 233-0015 If^JMIl «^ 
m ^ME BRSUJ 1-67-1 1-525 Kanagawa (JP). SSBa 
(MORTTA^cisei) [JP/JP]; =f 244-8588 ^^SJIIift Stxftrfi 

Kanagawa (JP). 

(74) ftSA:g^JII3^«. n(HASEGAWA,Yosliikietal.); 
=r 104-0061 «*E ttffi-TBlO»6# «j£ 

:7 r -X h ftJSgB4#S^^a»»»M Tokyo (JP). 

(81) m&m (mm cn. in. jp, kr, us. 

(84) ti^@(j£«): 3-P'y/mi^(DE,FR.IT). 



S (54) Title: OmCAL FIBER AND A METHOD FOR MANUFACTUIRNG SAME 



00 



O 




(57) Abstract: An optical fiber matrix (2) is prepared by adding Ge 
into a core region in an amount which satisfies the condition of [Ge] ^ 
0.3 %, wherein [Ge] is the relative refractive index difference expressed 
in a percentage % relative to pure Si02, and formed into an optical fiber 
(3) by conducting hot wire drawing in a wire drawing furnace (1 1). In 
a heat treatment fiimace (21) at the succeeding stage of the wire draw- 
ing furnace (11), the optical fiber (3) is annealed at a cooling rale of 
2000 °C/second or less under the condition that the annealing time is 
not shorter than the relaxation time. Then the annealed optical fibo" (3) 
is introduced into a cooling means (31) at an introduction temperature 
not less than 700 **C, and forcedly cooled by the cooling means (31). 
Consequently, there can be obtained an optical fiber having a reduced 
Rayleigh scattering loss and a good hydrogen resistant property with a 
high productivity. A method for manufacturing such an optical fiber is 
also disclosed. 
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0 0<^^#^2 r 0=8 /zm, ttS^T^^iSr A n [Ge] =0. 3 5% 
, ms i OaTJ^^JfeS^^y 1 1 l(Of^^t:2 r i=l 2 5 m m. ttSiff^^ 
SrA n,= 0%(CgS:itUXV^5o 

10 0 8 1] ^fc. -eoS!i3t*#J-ov^rf4, 5t7T-r/-<3Sr3iis<Ji^*n-rs?& 

-CHe;t/^Sr2 0 1/^^ (2 0 s Im) OijSiX'^t?^ V^?)o *fc, 3t:7T-f 
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[0 0 8 2] gi3©^»ci±. ^mmm-v<Dyty7^^'^(oi^^<\!^^t\.x 

^^^1. 5 5 nm-QO^mmm^a,, (dB/km). RXJ^t&^O. 6 3 m 
10 0 8 31 mej(^S^{|S<^ 9 iStfi: 1 . 5 5 M mfO^illlR^a 1. 5 5 

[0 0 8 4] ^<^e^«5feao. 6 3 55^1i:^^SliiHi:'iS3t7r^/^rt-e©^R& 

[0 0 8 5] m3(Dmc7f:LtzmmmAi'--A4(D^h. mm^Aixi-t. m 

ilimiPX(DT^-Ji^WLStt:l 1 0 O'C, ^^^P^^'-^OA^MiSr? 0 Ot^JiilSlS 
L-C*3l9. #C)ttfcei3im^{4a 1. 5 5=0. l85dB/km, a^. 63=6d 
B/kmi:^j^o-CV^5o |llfe^JA2T'{4. Bi'&mfPXOr^'-^i^m.m^ I 

4 0 o*c. ?&^^©'^<7)Aimia*s: 1 0 0 o'c\zm^Lxisr). nbtitcBmm 

^ttoi. 55=0- ISOdB/km, ao. 83=6 dB/kmi:*o-CV^So 

[0 08 6] *fc, ^iiS««JA 3 X'{4> ^«ta';^-e<^T=>-/wiaSSr 1 5 5 ot: 
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55 = 0. 1 8 2 dB/km. a o. 63= 7 d B/k mi: JfeoTV^S, MM 
1 3 0 0X:iC^-^\^Xi6^ ^ n^fttc^^m^iia S5=0. 18 2 dB/km 

[0 0 8 71 :iti^<DmMmx^n. f^Mwi^x'(DT :^—^i-m.&f)^. v^m'^J i 

1 0 0*CUi±l 6 0 0'CeilTO$SfflF*|-ewia^i/j:o-cv>5o rixlciij. 
v^-f^^t>7 0 0*Cie^-h<7)^Sfflrt-C•<D?aSi:'feoTV^S. rttt::J:i?^ ^7r^^< 
[0 0 8 81 0 4f±. ^^r-Y/^otbUf^'JB 1~B 5tr*Jt-t5ilijt^{* 

— K7T-1'>'^ (Ge-SM) Sr^^btV^So 
[0 0 8 91 m4.<Dmi^m\^1titmmB 1~B50 5*>x lt«lE«aJB 1^(4. Sft 

mmi^x<Dr }^m^^^<oAmm.&t: loo ox:tcg9:^t-c*3 

#bttfrei^ti^fiai. ss=0. 190dB/km, ao. 63=12dB/ 

[0 0 9 01 tbt!E«?ijB 2T'tt> f^^mmx(or ~-/i^t:ni:>-r. 

m^OAl^UMii 5 0 OX:KfSf^LX:fS'0 . #^>3xfefeai«^W:a i. 55=0. 1 
9 0 dB/km. ao. 5 3 = 6 d B/ k m i «i oTV>S. rrT'H, at^r-T^^Sr 
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[0 0 9 11 *fc. jtgf^JB 3 -eti. ?^«iaj^-e©T^-/uassr 9 o ot:. 

= 0. 1 8 9dB/km. a 0. 6 3=6 d B/k mi: ^^-CoTV^So rrX'fi. ^7 

I 0 0 9 2 1 Jti5je*JB 4 -Ctt. fia«UigrT*(?5T::^-/l^MJrSr 1 1 0 Oti 

3=0. 1 8 5 dB/km. ao. « 3 = 6 d B/ k m t !^CoTV^5o ^^l-Cfi. 5t 

10 0 9 31 itmmB 5X'it. m^mmv<Dr=^-/umMi:i e 5 or 

,,= 0. l88dB/km. ao. 63= 1 0 dB/kTni:7feoTV>5„ r^T'ti 

[009 41 j£i±o^is^jA 1 ~A 4 . Rt:pimmB 1 ~B 5 J: >? . ^^asjp 

lcJ:S3fe7T'r^^<^Tr^-/i'?a«^^l 1 OOTOil 6 0 orttTomffiiru 
roorj^il 3 0 0'CUiToMi:i-Si<!:^::<t'?^ u-^ V -mSLa^JJ^iftj^ 
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fiSr/hM'fk bX. ±m{t0i <^yr-( ^^Sr|5lit-r 5 r i: ds^fg i: ^^5, 
[0 0 9 5] 2ji:^IBt-<t2>5t:7T-r^^{-OV>T$ e>l-me^i'5o 

10 0 9 61 Mdit. ^7 7'<^«Dm2mmrm\^o^'x. ^commm^^y 
1009 71 ifmmmm<o%y7^^<\t. ^rmm^ooi^. =.t^j«2oo 

(D^iai^iStt^ttfc^^y F^^2 1 0i:Sr{ix.5» =iTMlS2 0 0f*. %y7 

2 oo{i> 

[Ge] ^0. 3% 

srS§^i-^ipa-eGedsj^»p$*vfcs i 02*>6>i^^5o :itt{cj;i3, 

0 Oroit®l»T^liAnof±. Ano= CGe] > 0 i o■CV^*„ 
I 0 0 9 8 1 ^J' 7 y K^ilt 2 1 0 tt. Tjc^tSJ^BTtt. 2 7 y K 

112 11. 2 1 25!)>e>mBfe^nTV^:5„ l^fiSO^ 1 i5' 7 y Kg 2 1 1 

7 5/ K^2 1 1(4, Ge^S^5£(D?^APS-C^AP$nfcS i Oz^^b'^iSo ClHt^ 
it). ^J'^y K^2 1 lOtfcSJff^HAniH, Ani>Oi:'JCoTV>Sc 
[0 0 9 91 ^<a!l0^2i5'7yKS2 12l4. ^ 1 ^ 7 2 1 1 <7) 

[0100] ?:j;*3. y -m^l^A. l . O O /x m-Cc^^iUS^ a ^. 



21 



wo 2004/007383 



PCT/JP2003/008788 



[0101] la 6 fi. ^7 r y«Dm 3 ^^fe?l^fll^^ov^-c, ^(de^^^h ^ 

S i 0 2\cMi-^itm^mm (%) Sr^L-CV^;5o 

[0 10 21 3|s:^Jte?i^S<^^7T^^^tt. =iTmmS0 0t. 3T^1^3 0 0 
0^j^tJ:gJttbttfci5'7y KMi|!E3 1 OiSr^xSo =«r^«c3 0 0tt. 3t7r 

3 0 0(4. ±iliUfc^{4^ 
[Ge] ^0. 3% 

Sri^^i-mJiP«:-CGe;4S^AP^ttfcS i Oa/Ji-b'iSo mi'J:'!). ="^^3 
OOOM^^^AnoJi. Ano= CG e ] > 0 i: ;^.eoXV^;5o 
[01031 9 y K^*^ 3 1 0 Ji. 2|c^«g?gffi-Ct4. a^tO:? 7 $/ K 

gSll. 3 1 2^6^P>«^$n-CV^So rtffiyo^ 1 9 5/ 3 1 1 ^Tm 
J^3 0 0O^jm^tt5>nfc¥^r ,©g^:UT?i^^$^^TV^S. ::<D^ 

7 3 1 1 tt. F^sBffjef^^inft-c^n^nfcs i OzA^bJfcSc j; 
(0 1041 *fc. ^m<Dm2i!'yy ms 1 2{4. ^i^^s/ kub i lo 

1 2 {4. ii«s i o^a^b^J^^o :Lti\ci:y). i^^yvmsi 2©W:®Jif^flA n ^ 

A n2=0 i:/j:oTV^5o 
[0 10 51 ;^j:i3, U-r y-m^lSA. SiSl. 0 0 AtrnX-O^ill^^a,. 
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[01061 1112. 05. Jtt;5|g|6lr^Lfc#IIJ£?^fll©3fc:7T'('^-^J-*5lt5 

[0 10 71 El 714. ^yr^^^omMmc i~c 3. Rl/itrnmn i~D3 

[0 10 81 rr-c% mmmc iRxj^itmmmx^n. siit^ns^t^rw^^ 

tLX. @2tc^Ufc«^?£rW-r5GeifeAPi^:/^^/u*-K7r-i'/-< (Ge-S 

1 0 0O^#^2 r 0=8 Mm. itB^m^t: ^ n CG e] =0.3 5%. M 
S i OzTJ^Pj'^^^^J'^S' KSl 1 l(Di^^2 r 1=1 2 5 Mm. JtS^T^^^rA 
n , = 0%t^:|S:^LTV^5„ 

[0 10 91 *fc. HJfi^jC 2JlO?ite5^»jD 2-Cf4. 3fe:7T^^^i: UT. [15 
\C7ri\.rcm^%:^-r^i^mi^^ h7r-(y< (DSF) ^®^LTV^5o ftfl^fi^Jt- 
{4. GeimM^ftitS i 02*^fe'JC5='T^*iJ2 0 0O^SSr2 r o=6 Mm. 
Itffiiff^llSr A no= [Ge] =0. 6%. G e ^JS^^JO^ttyt S i 02*»f>'^^5^ 
1 ^ 7 y KS 2 1 1 O^igS: 2 r 1 = 4 0 M m. tbffi^^lt^r A n , = 0 . 1 %. 
ijjfiS i 0 2;i^b/^5^2i;'7 y K^2 1 2(D^%^2 r 2= 1 2 5 Mm. Jtffl^f^ 
HSrA n2 = 0%^-i5!;3£LTV^So 

[Oil 01 *yc. ^JSfJC 3Rt)«tbl{5^'JD3T-«. 5t:7 r i: LT. 11 6 
{r7j^Lfc«lfigS:W-t-5^mtt^7 7^^^ (DGF) ^Sr?®;£L-CV>5„ 
. G e*Sj^JP$ti:/tS i 0 2d>f>'i:5=iT^g^3 0 0<^^S^2 r o=4 Mm. it 
IBiff^^Sr A no= [Ge] =1. 5%. FdSSsJnSttfc S i Ojd^bjfcSlg 1 
yy VMS 1 1<^^«:2 r , = 8Mm. ifcS^^MSr A n , = -0. 4%. 

i 0 2d^e>7'j:S^2i5'7 5' KJi3 1 2(D^^^2 r 2=1 2 5Mmx itffiJf^^S: 

A n 2 = 0 %(C|9:^ LTV^S, 
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(0 1 1 1 1 *oS!iJt^#^-ov^T^4, mi&mc i ~c 3-t?(4. m^m 
Ams^ 1 0 0 o'ct-r^mmmA 2 msmm) -co®it^#s:fflv^-cv^5 

■f. ;<^*P^^'-(D3fe>'T'l'^^<^Aj^i&i^S:l OOO'Ci:i-S]t^0>jB 1 (I214# 

fig) -ero®iig^^t^^^v^•cv^5o ^:7 7-r/^«^«|ji^^-ov^Tl4, mas 

#tti:L-C. rSftl. 5 5 |imT-C7:)^i^a^ai. 5 5 (dB/km). RXf^Ml 
. 3 8 Mm-eOTK^^taHU^^eiia^^A a 1. 3 8 (dB/km) ^^LTV^S 
. rr-e. S^ftl. 3 8MmT-(^eilllR^^Aa,. 3 8^^ 121 3 IC^ UfcStfi 0 . 

[0 113] m? (DmiC7f:\.tcmmmc 1 ~c -eai^^ti^n^tta 

55 = 0. 1 8 0. 0. 1 8 8. 0. 2 2 8i:*o-CV^5. llH b<Z)fiE-CJ4. =« 

y — ftaa^Sr-^tftSfi 1 . 5 5 MmX-Ofei^S^a 1. s5*^iS^^^^'^''^^» 
[0 1141 Bmm^^fi'tfl^n^a,. 38 = 0. 0 5. 0. 0 7.0 

)t7r-f ^^rtt?<??:XR6i5jgti!?$ti,T. ^^cPfeic^H-TSiSt:^ 1 . 3 8 /z m-C07K^ 
^tamimO^SillS^^Aai. 3 8^^0. 1 5 dB/km£^T^^^£®$i^XV^5, 

[0 1151 Itli^'JD 1 ~D 3-e(4. ^ilia^tt'^rtl'-etta 1. 5 5=0. 

1 9 0. 0. 2 0 0. 0. 2 4 5. feiHa^^fi^^WA aj. 38=0. 
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2, 0. 3. 0. 6i:/io-cv>s, v^-r3^tJ*r^£:■rs^^s^Jc 1 

[0116] PM.<Dmmmc i ~c ^t>*jtt5?f-iD i ~d 3 <t t) . 

iciiZ^7T^^«or^—^^MMi: 110 ot:tJi±i 6 0 oicuiT(^sS<t 
[0 1171 08{4. ^7T^^^<^^JS^^'iE. St;?tfclft«>^lFtc*5H-63t:7r-r 

[0 118] M^i^mat. mmmBRxj^itrnmpx^i^^ ^*Q.ffljF<^APT-(7)3t 

^T'T^^o^ai^trl 6 0 0*Cx 3t7T'<^^<^M)i^l 2 0 Om/:J5-, ^^tS^PCO 
:g$Sr2m, T^-zwiaStrl 2 0 0'C, r=-^n^^«rO. l#^^:g}!^L■CV^ 
5o ^lfe0!|E-e«x f?ft«!.S^F(OmPA^P><^SEllt*5 2m~3m©$SBai-*3V> 

^■ilES.t/ttiiJ'^JF EI 2 trij^ Lfc#lfig^W-rSG e ^liP'>:/j//w*- K:7 r 

^^^2gl^tTV^5o ;!f7;^:7T-r/^(7>ii[M{4l 2 5 ;/m-efc^„ :*fCs 

[0 119] 3t7 7-r^^<^fifi^<kl-<'V^-C«, Paek©S: 

0=exp{-l(4 h)/(pCpV)lS} 

0=exp{-[(4h)/(pCpd)]t} 
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[0 12 01 *fc. esr^stt, isk^ 

0 = (T-To) / (T.-To) 
S= z/d 

ffig-C&5 (SCffilt ru.CPaek et.al., Journal of The American Ceramic Soci 
ety Vol.58, No.7-8, pp.330-335j Sr#fiS)o 

PT-OD^t^r-f^^t^^aSfil 4 9 9t:. WPd^tj im-ettl 2 9 9t;. 2 mT'ft 
1 1 2 S'Cir^jioTV^-S, ^b-C. r<Z)^@:^r*3V^T. H e ?^*P^^lC J: oT3S 

t\z.i:^. 3t7T-f^^05ja^*6 0 o'CUJLT*X-{SiS-t-Sfe*<^)«l§I^S<^:^^ 

[0 12 31 * r(Dj:9'i^mf4> m^. mmci6\i^%yr^^^<oum^-m 

\^m'^\mmilfii^o myL\i. glSlC^Lfc^ilX-tt. ^iigl 2 0 0m/^-r-4m 

[0 12 41 *fc, f|R^l0.ffi^F^^:J:53t77"^'^«^Trl-/^B#ra^^:oV^Tf4, :S 
$ 1 mtOflR^aja'Jp-C'ti, ^7r-('^^<^li>i?r3 O 0~1 s o om/^t-tfi\-^. 
T--/I^B#rp1fiO. 2-0. 0 3l3>i:^j;5o -^tz. Am<Dm^W^Xyi.. T 
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o 

[0 12 6] eilT^::^i-^^S^»J^-*3V^Tf4, ^yr-fy^t LT, ^2i60^JAi~ 

^-/^^m^cov^^:p-<y5:„ - <D^y 7 -< y<^(DmmLxmvm'^--'<r>>Mm.m^ 

*3V^T, %yr^y^(r>m:mfm'ix=Q. l 2# (KJiJ^SOMPa) T'fcSo 
[0 12 71 5t>'r'1'^'^'^>£,S^'fbl-oV^-Cfi, Hijili(^ Paek <D^i:m 

[0 12 8] msn. ^yr-^y^Dmm^v i=4:0 0m/j^i:i.ftt^(r)tft 

. mi^!!Mi^<D^tEU§li 13 0 Ot:. 10 0 CC. 8 0 0X:> 5 0 0°C. RV^2 

m^fco T=-yH^rattL/V f =0. 3 0l!>-eS>?). ^#L/V f 

10 12 9] igiOfi. ^y7^y«OmT^^y i = BOOm/^t\.t^tt<D 
^y 7-( y«D'^mM^RV^T=^—/\^^^i^^^^X7r^-t^X'h^o 01 otCTTl"^ 
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^L. iftiaS^pO^^tflSSrl 3 OO'C, 1 0001C, 8 0 0*C, SOOV.R 
^^m^ftc r<^i#. T--^H^rs^ttL/V f =0. 1 5#T-fc<9. ^{*L/ 

V f ^ T s:^^§fcL-cv^s„ 

[0130] 01 Ifi^ ^t^r-f/^^JlftjiSrVf = 1 600m/i^tVtzt^ 
??a«!!3ai^O:g:$*L = 3. 5 m, WftilQiSi^ir^&^P^iS: t (^i^fr 2 ml:: 

i?:£U fi^Qja^^t^ta^M^i 3 oolc, looot:. soo'C, 500^, 

^^^m^tlo ^(Dt^. r--/l'BtFBlfiL/V f =0. ISlJJT'fo'?, ^Wh 
/V f ^ t i^MfcUTV^So 
[0 13 11 HI 1 2fl, ^7 7^^^<^i^)S^V f = 3 0 OOm/ji^t \.fct^ 

L. mfi!!M^(D^'^M.m't 13 0 OtJs 10 0 O'C. 8 0 Ot, 5 0 Ot. 

i:m^tz. T=-/i^B#FBl{iL/V f =0. 1 Ai}>X'»>y) . ikWh/Y 

10 13 21 0 1 3{4. 5t:7r'f^^<^^>i^V f = 8 0 Om/^t Ltc t ^ <D 

-eUs f^«!!fflJ^<'5:^^SrL= 1. Sm. fHiftiSi^irJ^iP^gsi: <OSElll«r 1 • 2m 
iz^^U miii:M)P<om^m.m^ i 3 O O'Ci: Ufc^^^::ov^-C3t7r ^r/^t^ta 

fl^fp^Fs^ X J; "3 tjMv^L/v f =0. ii^"Cfe9, ^#L/v f g TJitJIfc 
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10 13 31 6i±«)|il9~Ell 3^c^^?nTV^5ct T=-/H^FB1^^:ov^ 
XCD^W'L/V f ^T;6S?ifc$^vfl::T^-/^^ra7JSM<''ioTV^5EIl Z<om 

PB^-JS^f+L/V f ^ T ^^Yi§fci-|ll 9-111 2<0^fiJ^C*3V^T'b. ^^iPiiS*^ 2 0 0 

[0 13 51 Ticisijqicis^t^T'r^^. Rxj^^<Dmm:^^tt. ±m\.itmmr^ 

[0 13 61 7^|gWlrj;57t:7 7^/^, 25:t>'^(0®fjt:&&{i. iii±im\^mm 
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10137] =iT^l^tC^{+ [Ge] ^0. 3 %^SIfc-r«l:TG e 
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iaa^^i^i i o T r =^ — /v-r 5 ^ats^ Tyzft. 

f (m/IJ?). wr\^W-Mm.i?<DKU\Ziin^m^%yr^^<(Dl^M^r, s (Pa • 
^^»f®3ffi^^c:«9<DStrlB5fe7TW'^<<03g;/]SrK (Pa) i: U M^^PbI^Stt 
= 7, s/Ki:3gg|Lfci:#Jr. T=-/H^ML/V f *s^fpi^^ x Ul±i '^iS^ 

o-ci 1 0 ox:&>±i 6 0 ox:&.r<r>im-^T=^'-^^-^^^ti:^mt't^m^ 
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] t^^n^ [Ge] ^0. 3%SrSlfc-r^^^)Pfl:TGe3JSS§^P$^^TV^5wi:2r#m 

8 . Hiffs^ 7 5/ Kfi««x ^n^enn s i o 2. o e *s^ap ^h;^ s i 

Stfie^T^iSJi, MS i 0 2lcSt-r5%T*SLfcitfflJlf^M [Ge] 
[Ge] ^0. 3%t:mit-tmMSLXGei)imtli^nX\t^i>tti>\Z. 
Wy-tfeSL^iCA (d B/km • Atm"), RO^iS;^!. OOMmTO^i^M 
^a,.oo (dB/km) ds. ^^^^^^»:^-r•^ $ tLS^SfMilLAo. StJ^ao 
Ao=0. 8 5 + 0. 2 9 [Ge] 
a 0= 0. 8 6 + 0. 2 9 [G e] 

LT 9 7 %UTX-h . /i^o, igcft 1 . 3 8 M mX'(D7i^^fiQ:mm^<DB^^ 
^^Atti. 38*50. 1 5 d B/km£JlTT-fc5)^<h=^4#m<b-r5^:7r -f^^o 

1 0 . flfria^ 7 m^j±. ^Mixm S i O 2 , G e dS^^OP $ tltc S 
iOa. *fe(iFJjSj^*P$ttfcS i 0 20V^-ftb*i^*e>*S 1 *ytfi1filS<^^ 7y 
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